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dressable memory cells and a content addressable 



memory cell 207/300 for comparing a received select bit 
witti a stored select bit and enabling access to ad- 
dressed ones of the memory cells in response. 
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DQOcriptlon 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates in generat to memory 
architectures and in particular to a memory architecture 
using content addressable memory and systems and 
methods using the same. 

BACKGROUND OF THE INVENTION 

A typical processing system with video/graphics 
display capability includes a central processing unit 
(CPU), a display controller coupled to the CPU by a CPU 
local bus (directly and/or through core logic), a system 
memory coupled to the CPU local bus through core log- 
ic, a frame buffer memory coupled to the display con- 
troller via a peripheral local bus (e.g., PCI bus), periph- 
eral circuitry (e.g., clock drivers and signal converters, 
display driver circuitry), and a display unit. 

The CPU is the system master and generally pro- 
vides overall system control in conjunction with the soft- 
ware operating system. Among other things, the CPU 
communicates with the system memory, holding instruc- 
tions and data necessary for program execution, nor- 
mally through core logic. Typically, the core logic is two 
to seven chips, with one or more chips being "address 
and system controller intensive' and one or more other 
chips being "data path intensive.' The CPU also, in re- 
sponse to user commands and program instructions, 
controls the contents of the graphics images to be dis- 
played on the display unit by the display controller. 

The display controller, which may be, for example, 
a video graphics architecture (VGA) controller, generally 
intertaces with the CPU and the display driver circuitry, 
manages the exchange of graphics and/or video data 
between the frame buffer and the CPU and the display 
during display data update and screen refresh opera- 
tions, controls frame buffer memory operations, and 
performs additional basic processing on the subject 
graphics or video data. For example, the display con- 
troller may also include the capability of performing ba- 
sic operations such as line draws and polygon fills. The 
display controller is for the most part a slave to the CPU. 

Generally, improvements in access time to any of 
the system memory resources will increase system per- 
formance. For example, reduction in the amount of time 
required by the CPU/core logic to access given data 
from system memory will allow more data to be ac- 
cessed during a given time period. Alternatively, faster 
memory access provides additional time during which 
the CPU and/or core logic can perform other critical 
tasks. One particular instance where improved access 
times can substantially improve system performance is 
during retrieval of data from system memory for storage 
in cache. 

Most PC systems include one or two levels of data 
cache for improving access time to data by the CPU. 



The 'LI • cache is normally integral to the CPU chip and 
consists of 8 to 16 kilobytes of fast static RAf\/1 (SRAM). 
The ■L2'' cache(when provided) is normally off-chip 
(coupled to the CPU and the core logic by the CPU local 

5 bus) and typically consists of 256k to 512 kilobytes of 
fast SRAM. The SRAMs of the cache memory have sub- 
stantially faster cycle times than the DRAMs of the sys- 
tem memory (e.g. 7 to 10 nsecs for a random access to 
an SRAM cache versus 110 to 130 nsecs for a random 

10 access, or 40 nsecs for a page access, to the system 
memory DRAM). Therefore, blocks of data are read 
from the system memory and written into the cache in 
anticipation of the data needs of the CPU. This "en- 
cachement' is typically done by the operating system 

75 as a function such factors as the spacial and/or temporal 
locality of the data required by the CPU during a se- 
quence of operations. If the CPU requires data for a giv- 
en operation, and that data is already part of the en- 
cached block (i.e a "cache hit' occurs), it can be ac- 

20 cessed much faster than from the system memory. By 
selecting latency and density ratios between the system 
memory and the cache memory to be on the order of 10 
to 1, and depending on the partitioning of the system 
memory by the operating system, cache hits for reads 

2S to the cache can exceed 95%. 

Thus, the need has arisen for improved methods 
and hardware for accessing memory. Such methods 
and hardware would be particularly useful in implement- 
ing unified system memory-frame buffer systems and 

30 for effectuating system memory-frame buffer data trans- 
fers in more conventional systems. 

Additionally, as system memory granularity, band 
width and density demands and system clock speeds 
increase, the need to improve the efficiency of cache 

35 memories and cache memory operations has arisen. In 
particular, the need has arisen for circuits and methods 
for transferring data from the system memory to the 
cache during encachement operations. 



According to one embodiment of the principles of 
the present invention, a memory is provided which in- 
cludes an array of addressable memory cells. A content 
^5 addressable memory cell is also included for comparing 
a received select bit with a stored select bit and enabling 
access to addressed ones of the memory cells in re- 
sponse. 

According to a second embodiment of the present 
so invention, a memory subsystem is provided which in- 
cludes first and second arrays of memory cells, first ad- 
dresing circuitry for selectively accessing ones of the 
cells of the first array, and second addressing circuitry 
tor selectively accessing ones of the cells in the second 
55 array. At least one first content addressable memory cell 
is provided for storing a first bank select bit associated 
with the first array of memory cells, the first content ad- 
dressable memory cell comparing the stored first bank 
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select bit with a received bank select bit and enabling 
the first addressing circuitry upon a match. At least one 
second content addressable menrtory celt is provided for 
storing a second bank select bit associated with the sec- 
ond array of memory cells, the second content address- 
able memory ceil comparing the stored second bank se- 
lect bit with a received bank select bit and enabling the 
second addressing circuitry upon a match. 

The principles of the present invention are also em- 
bodied in memory devices including an address bus, a 
bank select bus. and plurality of memory banks. Each 
memory bank includes an array of rows and columns of 
memory cells, row and column decoders for accessing 
selected celts within the array, circuitry for coupling ad- 
dresses presented on the address bus to the decoders 
in response to an enable signal and array of content ad- 
dressable memory celts for comparing stored bank se- 
lect bits with bank select bits presented on the bank se- 
lect bus and generating the enable signal when a match 
occurs. 

The principles of the present invention are further 
embodied in methods for accessing a memory system 
including a bank of memory cells and associated ad- 
dressing circuitry, the bank associated with at least one 
content addressable memory cell. A bit is stored in the 
content addressable memory cell identifying the bank. 
A bank select bit is presented to the content addressable 
memory cell and compared in the content addressable 
memory cell with the stored bit. Access to selected cells 
in the array is then enabled with the stored bit and the 
presented bit match. 

Circuit systems and methods embodying the prin- 
ciples of the present invention provide substantial im- 
provemerit over prior art addressing schemes. In partic- 
ular, the principles of the present invention allow the ar- 
rays of menrvoiy cells in multiple bank/multiple menrtory 
device systems to be individually addressed on an ap- 
plication by application basis. Specifically, the use of 
CAM array cells in which a bank select bit can be written 
upon system initialization allows the system processing 
circuitry to optimize memory usage based on operating 
system requirements. In particular, the principles of the 
present invention allow for the efficient transfer of data 
from system memory to cache during encachement op- 
erations or from the system memory to the frame buffer 
during display update operations. 

The foregoing has outlined rather broadly the fea- 
tures and technical advantages of the present invention 
in order that the detailed description of the invention that 
follows may be better understood. Additional features 
and advantages of the invention wilt be described here- 
inafter which form the subject of the claims of the inven- 
tion. It should be appreciated by those skilled in the art 
that the conception and the specific embodiment dis- 
closed may be readily utilized as a basis tor modifying 
or designing other structures for carrying out the same 
purposes of the present invention. It should also be re- 
alized by those skilled in the art that such equivalent 



constructions do not depart from the spirit and scope of 
the invention as set forth in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

For a more complete understanding of the present 
invention, and the advantages thereof, reference is now 
made to the following descriptions taken in conjunction 
with the accompanying drawings, in which: 

TO 

FIGURES 1 A and 1 B are high level functional block 
diagrams of exemplary information processing sys- 
tems in which one or more memories embodying 
the principles of the present invention may be em- 
75 ployed: 

FIGURE 2 is a functional block diagram of a single 
chip, multi-bank memory device embodying the 
principles of the present invention: 
FIGURE 3 is an electrical schematic diagram de- 
20 picting two selected content addressable memory 
celts of a selected one of the content addressable 
memory cell arrays shown in FIGURE 2: and 
FIGURE 4 is a single bank single chip memory de- 
vice embodying the principles of the present inven- 
ts tion. 

DETAILED DESCRIPTION OF THE INVENTION 

The principles of the present invention and their ad- 
30 vantages are best understood by referring to the illus- 
trated embodiment depicted in FIGURES 1-4 of the 
drawings, in which tike numbers designate like parts. 
While memory devices embodying the principles of the 
present invention are useful in a wide number of appli- 
es cations, for purposes of illustration, such memory devic- 
es will be described in conjunction with a basic process- 
ing system architecture typically employed in personal 
computers. 

FIGURE 1 A is a high level functional block diagram 

^0 of the portion of a processing system 100, System 100 
includes a central processing unit 101 . a CPU local bus 
102. core logic 103, a display controller 104, a system 
memory 105, a digital to analog converter (DAC) 106, 
frame buffer 10B and a display device 107. 

45 CPU 101 is the "master" which controls the overall 
operation of system 100. Among other things, CPU 101 
performs various data processing functions and deter- 
mines the content of the graphics data to be displayed 
on display unit 107 in response to user commands and/ 

so or the execution of application software. CPU 101 may 
be for example a general purpose microprocessor, such 
as an Intel Pentium class microprocessor or the like, 
used in commercial personal computers. CPU 101 com- 
municates with the remainder of system 100 via CPU 

55 local bus 102. which may be for example a special bus, 
or a general bus (common in the industry). 

Core logic 103, under the direction of CPU 101 . con- 
trols the exchange of data, addresses, control signals 
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and instructions between CPU 101. display controller 
104, and system memory 105. Core logic 103 may be 
any one of a number of commercially available core log- 
ic chip sets designed for compatibility with the rennainder 
of the system, and in particular with CPU 101. One or 
more core logic chips, such as chip 112 in the illustrated 
system, are typically 'address and system controller in- 
tensive' while one or more core logic chips, such as chip 

114 in FIGURE 1. are 'data intensive.' Address inten- 
sive core logic chip 112 generally: interlaces CPU 101 
with the address path of CPU bus 102; maintains cache 
memory, including the cache tags, set associative cache 
tags and other data necessary to insure cache coher- 
ency; performs cache "bus snooping"; generates the 
control signals required for DRAMs in the system mem- 
ory or cache; and controls general management trans- 
actions. Data intensive chip 114 generally: interfaces 
CPU 101 with the data path of CPU bus 102; issues cy- 
cle completion responses to address chip 112 or CPU 
1 01 ; may abort operations if their cycles are incomplete: 
and arbitrates for the data path of bus 102. 

CPU 101 can directly communicate with core logic 
103 or through an external (L2) cache 115. L2 cache 

1 1 5 may be for example a 256 KByte fast SRAM device 
(s). It should be noted that CPU '101 can also include 
on-board (LI) cache, typically up to 16 kilobytes. 

Display controller 104 may be any one of a number 
of commercially available VGA display controllers. For 
example, display controller 1 04 may be one of the Cirrus 
Logic CL-GD754X series of display controllers. The 
structure and operation of such controllers is described 
in CL-GD754xAppiication Book, Rev 1 .0, November 22. 
1994, and CL-GD7542LCD VGA Controllar Preliminary 
Data Book, Rev. 1 .0.2, June 1 994. both available from 
Cirrus Logic. Inc., Fremont, Califomia. and incorporated 
herein by reference. Display controller 104 may receive 
data, instructions and/or addresses from CPU 101 ei- 
ther through core logic 103 or directly from CPU 101 
through CPU local bus 102. Data, instructions, and ad- 
dresses are exchanged between display controller 104 
and system memory 105 through core logic 103. Fur- 
ther, addresses and instructions nnay be exchanged be- 
tween core logic 103 and display controller 104 via a 
local bus which may be for example a PCI local bus. 
Generally, display controller 104 controls screen re- 
fresh, executes a limited number of graphics functions 
such as line draws, polygon fills, color space conver- 
sion, display data interpolation and zooming, and video 
streaming and handles other ministerial chores such as 
power management. Most importantly, display control- 
ler 1 04 controls the raster of pixel data from frame buffer 
108 to display unit 107 during screen refresh and inter- 
faces CPU 1 0 1 and frame buffer 1 08 during display data 
update. Video data may be directly input into display 
controller 104. 

Digital to analog converter 1 06 receives digital data 
from controller 104 and outputs the analog data to drive 
display 107 in response. In the illustrated embodiment. 



DAC 106 is integrated with display controller 104 onto 
a single chip. Depending on the specific implementation 
of system 100, DAC 106 may also include a color pal- 
ette. YUV to RGB formal conversion circuitry, and/or X- 

5 and Y- zooming circuitry, to name a few options. Display 
107 may be for example a CRT unit, a liquid crystal dis- 
play, electroluminescent display, plasma display, or oth- 
er type of display device which displays images on a 
screen as a plurality of pixels. It should also be noted 

10 that in alternate embodiments, 'display" 1 07 may be an- 
other type of output device such as a laser printer or 
similar document view/print appliance. 

The data paths in system 100 will vary with each 
design. For example, system 100 may be a '64-bit"or 

IS •72-bif system. Assume for discussion purposes that a 
54-bit system is chosen. Then, each of the data connec- 
tions, including the data paths of CPU bus 102 and PCI 
bus 116, the data paths through core logic 103 to system 
memory 109 and display controller 104, and the data 

20 interconnection between display controller 104 and 
frame buffer 108, are all 64 bits wide. It should be noted 
that the address interconnections will vary depending 
on the size of the memory and such factors as the need 
to support data byte select, error detection correction, 

25 and virtual memory operations. In a typical CPU proc- 
essor system today, the address portions of CPU bus 
102 and PCI bus 116 are typically on the order of 30 bits 
wide. 

FIGURE 1 B is an alternate system architecture to 

30 which the principles of the present invention nnay advan- 
tageously applied. In this example, memory 105 is a 
•unified" memory system since the system memory 109 
and frame buffer 108 are collocated in a single Integrat- 
ed circuit or bank of integrated circuits. This is in contrast 

35 to those systems in which the frame buffer is separate 
and apart from the system memory and interlaces with 
the remainder of the system through the display control- 
ler. System memory 1 09 again is preferably a traditional 
system memory which stores data, addresses, and in- 

40 structions under the command of CPU 101 as required 
for executing various processing functions and applica- 
tions programs. As in traditional systems, the frame buff- 
er 108 stores the pixel data required to generate the re- 
quired images on the screen of display unit 107. . -* 

45 FIGURE 2 is a functional block diagram of a multi- 
bank single chip memory device 200 embodying the 
principles of the present invention. In the embodiment 
illustrated in FIGURE 2, include X number of banks 201 , 
where X is a positive integer greater than or equal to 2. 

so For discussion purposes, it will be assumed that mem- 
ory 200 contains 16 banks by 1 (i.e. X equals 16). 

Each bank 201 includes an array 202 of memory 
cells arranged as M rows and N columns. For example, 
if each array 202 contained four megabytes (32 mega- 

55 bits), then one possible arrangement would be 4 K rows 
by 8 K columns. In the preferred embodiment, each ar- 
ray 202 is constructed from dynamic random access 
memory (DRAM) cells, although an alternate embodi- 
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ment of other types of data storage devices, such as 
static random access memory (SRAM) ceils or ferroe- 
lectric random access memory (FRAM) cells may be 
used. Each bank 201 further includes conventional row 
decoder circuitry 203, sense amplifier circuitry 204, and s 
column decode circuitry 205. Row decoder circuitry 203 
is coupled to the wordtine associated with each of the 
M rows in cell array 202 and selects one row in response 
to a row address word received and stored in address 
buffer/latch 206. 

Sense amplifiers 204 are coupled to the bitlines as- 
sociated with each of the N columns of each array 202. 
Sense amplifiers 204 sense the data along a selected 
row using conventional differential sensing techniques. 
Column decoder 205 selects for access (i.e. read or 
write) P number of cells along the selected row in re* 
sponse to column address bits received and latched in 
address buffer/latch 206. For example, if given bank 201 
is organized as a ("by 32') device, then P equals 32 and 
a 32 bit location along the selected row is accessed per 20 
column address. Accesses extemal to memory 200 
through column decoder 205 and sense amplifiers 204 
is preferably made through a P-bIt wide data bus 208. 
For a more detailed description of basic DRAM structure 
and operation, reference Is now made to Sunaga et al. 2S 
■DRAM Macros For ASIC Chips.' IEEE Journal of Solid 
State Circuits , Volume 30, Number 9, September 1995. 
incorporated herein by reference. 

According to the principles of the present invention, 
each bank 201 further includes a content addressable 30 
memory cell (CAM) array 207. As will be discussed fur- 
ther below in conjunction with FIGURE 3. each content 
addressable memory cell array 207 includes a number 
of CAM cells which are used to compare bank select 
bits BNKSL presented on bank select bus 210. If the 3S 
bank select bits BNKSL on bank select bus 210 nnatch 
the address (comparand) bits stored in a given CAM ar- 
ray 207, the match line 21 1 of that CAM array 207 ena- 
bles the corresponding address buffer/latch 206 and 
row and column address bits presented on address bus 
209 are input thereto and latched. A data access to the 
corresponding cell array 202 can then be made in a con- 
ventional manner through corresponding row decoder 
203 and column decoder 205. 

Bank select bits are written into each CAM array 
207 at system initialization by the operating system us- 
ing CAM wordlines 212. discussed further below. In the 
preferred embodiment, where only a single bank 201 is 
accessed at a time, a unique set of address bits are writ- 
ten into each CAM array 207 for unique identification 
(addressing) of the corresponding memory array 202, 
although the principles of the present invention are not 
limited to such embodiments. For example, in alternate 
embodiments, multiple banks 201 nnay have the same 
address bits written into their respective CAM arrays 
201. In this case, multiple arrays 202 service data bus 
208. In the illustrated embodiment, one CAM select line 
212 is provided for each CAM array 207 in memory 200 



(a total of X CAM select lines 212). 

In the illustrated embodiment, R number of bank se- 
lect bits BNKSL are received through input/output cir- 
cuitry 213. During an access (i.e. read or write to the 
corresponding array 202), the bank select bits BNKSL 
select the bank 201 to be accessed. During a write to a 
given CAM array 207, the bank select bits BNKSL on 
bus 209 represent the comparands to be written into the 
CAM array 207 corresponding to the active CAM select 
line 21 2. The CAM select line 21 2 to be activated during 
a CAM array write, is selected in response to select sig- 
nals CAMSL received through input/output circuitry 21 3. 

The number R. which represents the number of 
lines in bank select bus 210, the number of received 
bank select bits BNKSL and the number of CAM select 
bits CAMSL is a function of the number of banks 201 in 
the given embodiment of memory 200. In the illustrated 
embodiment, where 16 banks 201 are used, R is equal 
to 4, since 4 bits are required to select one bank out of 
16 for either a write to corresponding CAM array 207 or 
a bank select during an array access operation. Similar- 
ly, each CAM array includes R number of content ad- 
dressable memory cells for storing 4 bits for comparison 
with 4 received bank select bits. 

Input/output circuitry 21 3 also includes convention- 
al data I/O buffers and latches, page mode incren:ient 
circuitry for generating column addresses for page 
mode accesses to the cell array 202 of a selected bank 
201 . clock generation circuitry and power distribution. In 
the preferred embodiment, addresses are received at 
address inputs ADD 0 - ADD_Y from a multiplexed ad- 
dress bus in response to a row address strobe (/RAS) 
and a column address strobe (/CAS). Data is input and 
output through data pins DQ 0 - DQ Z in response to an 
active write enable signal (W£) and data is output 
through dataput/outputs DQ0 - DQZ in response to an 
output enable signal (O^). 

FIGURE 3 is a more detailed functional block of a 
typical CMOS content addressable memory (CAM) cell 
300 array pair CAM cell 300 is constructed from a six- 
transistor (6T) SRAM cell, shown generally at 301 ; and 
a pair of comparators (XNOR gates), shown generally 
at 302 and 303. In the preferred embodiment, each CAM 
array 207 is a linear array of a single row, each row of 
CAM cells 300 is associated with a CAM select line 21 2 
and a bank enable line 211 to the corresponding ad- 
dress buffer/latch 206. Comparators 306 and 307 are 
coupled, along with any other CAM cells 300 along the 
same row to the associated enable line 211 in a wired- 
OR arrangement. Each column of cells 300 is coupled 
to a corresponding line of bank select bus 210 and the 
complement of the data being carried by that line. In the 
illustrated embodiment, the complementary data is ob- 
tained through an invertor 304. 

During a write to a given CAM cell 300. the corre- 
sponding CAM select line 21 2 is pulled high and the data 
to be written is presented on the associated lines of bank 
select bus 210. The data on each line of address bus 
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209 are latched by SRAM ceil 301 of the corresponding 
CAM cell 300. During a read, the CAM select line 212 
is again pulled high and the data latched in SRAM cell 
301 are presented on the corresponding lines of bank 
select bus 209. 

During a compare, the address to be compared is 
driven onto the corresponding line of bank select bus 
210. If a match occurs with the data latched into each 
SRAM cell 301 in the array, the transistors of compara- 
tors 302 and 303 remain turned off and thus do not pull 
down enable line 211 which continues to float high. If a 
mismatch in any one cell of the array occurs, the tran- 
sistors of comparators 302 and 303 turn on and the en- 
able line 211 is pulled to a logic 0. In other words, in the 
array configuration, for the enable line of a given array 
207 to remain at a logic one, the addresses on all the 
lines of bus 209 must match the data in all the corre- 
sponding cells in a CAM array 207. 

FIGURE 4 depicts a single bank (array) memory de- 
vice 400 embodying the principles of the present inven- 
tion. Memory 400 Includes an M column by N row mem- 
ory eel! array 401 . row decoder circuitry 402, sense am- 
plifiers 403. and column decoders 404. As discussed 
above in conjunction with the embodiment of FIGURE 
2, row decoder circuitry 402. sense amplifiers 403, and 
column decoder circuitry 404 allow for the access of lo- 
cations within cell array 401 In response to a row and 
column addresses in a conventional fashion. 

In the preferred embodiment of memory device 400 
row and column addresses are received from a multi- 
plexed address bus (not shown) in response to /RAS 
and /CAS signals. These addresses are selectively 
passed through address buffer/amplifier 405 and an ad- 
dress latch 406, each of which is coupled to the enable 
line 211 of a CAM cell array 407. Preferably, the struc- 
ture and function of CAM cell array 407 are similar to 
those discussed above in conjunction with FIGURE 3. 
In this case, when a match of the address bits written 
into CAM cell array 407 match the received address 
(bank select) bits BNKSL 0 - BNKSL R the match line 
420 is placed in an active state which enables buffer/ 
amplifier 405 and address latch 406 to pipeline row and 
column addresses to row decoder 402 and column de- 
coder 404. 

The number of inputs or pins R are provided for re- 
ceiving CAM array select bits CAMSL 0 CAMSL R as 
well as the number R of inputs or pins provided for re- 
ceiving bank select bits BNKSL. is selected depending 
on the potential system applications of memory 400. For 
example, assume that a system memory is to be con- 
structed from 4 memory devices 400 that each memory 
device 400 is to be individually selectable. In this case, 
4 pins or inputs will be provided for receiving the CAM 
array select bits for reading and writing address bits into 
the CAM array 407 and 4 input and pins are provided 
for receiving the bank select bits. 

Control signals such as /RAS. /CAS. and clocks, in- 
cluding any master clock if memory 400 is constructed 



as a synchronous device, are received through an am- 
plifier 408 and are used by a clock generator 409 to gen- 
erate the clocks necessary to pipeline row and column 
addresses through address latch 406. Address latch 

5 406 may be for example, a three-phase address latch, 
as is known in the art. 

Memory 400 also includes conventional read and 
write circuitry for exchanging data with cell array 401 
through column decoder 404. The write path includes 

10 an input buffer 410 for receiving data from the data pins 
or inputs DQ0 - DQZ and an input latch 411 for latching 
data for presentation to column decoder 404. Input am- 
plifier/buffer 410 is enabled by a conventional write en- 
able (/WE) signal received through an interface 412. 

75 The read path includes a read amplifier 41 3, an output 
latch 414. and an output amplifier/latch buffer 415. Out- 
put amplifier/latch buffer 415 is enabled by a conven- 
tional output enable signal (/OE) received through an 
interlace 416. 

20 Memory devices, such as memory device 200 and 
memory device 400, embodying the principles of the 
present invention can be used in any one of a number 
of applications where individual bank or device select is 
required. For example, consider the conventional sys- 

25 tern memory 105 of system 100 shown in FIGURE 1 A. 
In this case, if cache 115 requires reloading, core bgic 
103 sends a new row address to system memory 105, 
along with bank select bits BNKSL Preferably both the 
row address bits and bank select bits are input with the 

30 falling edge of RAS. The bank select bits are presented 
to all the banks 201 . if a multiple bank memory 200 is 
used, or for alt devices 400. if a multiple device memory 
is used. Once a match of the bank select bits is made 
by the corresponding CAM array, the row address is in- 

35 put and latched into the associated address latch. Once 
this occurs, the desired column address is input and 
latched in response to /CAS. The access to the data re- 
quired by the cache 115 is then made through core togic 
103. In the page mode, additional column addresses 

40 generated internal through the selected (active) bank 
201 or memory 204. 

The principles of the present invention can also be 
applied to the direct addressing of system memory 105 
frame buffer 108 in either the conventional processing 

45 system of FIGURE 1 A or the unified frame buffer system 
of FIGURE IB. For example, the bank select bits written 
into the CAM arrays 207. if a multiple bank device 200 
is used, or the CAM arrays 407, if single array devices 
are used, can be selected to identify banks as being ei- 

50 ther system memory or frame buffer memory. Then, to 
access a given memory, CPU 101 and core logic 103 
simply generate the appropriate bank select bits 
BNKSL 

Although the present invention and its advantages 
55 have been described in detail, it should be understood 
that various changes, substitutions and alterations can 
be made herein without departing from the spirit and 
scope of the invention as defined by the appended 
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Claims 

1 . A memory comprising: 

an array of addressable memory cells; 
a content addressable memory cell for compar- 
ing a received select bit with a stored select bit 
and enabling access to addressed ones of said 
memory cells in response. 

2. The memory of Claim 1 wherein said content ad- 
dressable memory cell enables access to said ad- 
dressed ones of said memory cells when said re- 
ceived select bit matches said stored select bit. 

3. The memory of Claim 1 wherein said array of mem- 
ory ceils comprises an array of dynamic random ac- 
cess memory cells. 

4. The memory of Claim 1 wherein said array of mem- 
ory cells comprises an array of static random ac- 
cess memory cells. 

5. The memory of Claim 1 and further comprising: 

a row decoder for selecting a row of said mem- 
ory cells of said array in response to a row ad- 
dress; 

a column decoder for accessing selected cells 
along a said selected row in response to a col- 
umn address; and 

circuitry enabled by said content addressable 
memory cell for passing addresses to said row 
and column decoders. 

6. The memory of Claim 5 wherein said circuitry for 
passing addresses comprises an address latch. 

7. The memory of Claim 5 wherein said circuitry for 
passing addresses comprises an address buffer. 

8. The memory of Claim 1 wherein said content ad- 
dressable memory ceil comprises: 

a latch for storing said stored select bit: and 
a logic gate for comparing said stored select bit 
with said received bit. 

9. A memory subsystem comprising: 

first and second arrays of memory cells; 
first addressing circuitry lor selectively access- 
ing ones of said celts in said first array; 
second addressing circuitry for selectively ac- 
cessing ones of said cells in said second array; 



at least one first content addressable memory 
cell for storing a first bank select bit associated 
with said first array of memory ceils, said first 
content addressable memory cell comparing 

5 said stored first bank select bit with a received 

bank select bit and enabling said first address- 
ing circuitry upon a match; and 
at least one second content addressable mem- 
ory cell.for storing a second bank select bit as- 

10 sociated with said second array of memory 

cells, said second content addressable memo- 
ry cell comparing said stored second bank se- 
lect bit with a received bank select bit and en- 
abling said second addressing circuitry upon a 

IS match. 

10. The memory subsystem of Claim 9 wherein said 
memory subsystem is fabricated on a single chip. 

20 11. The memory subsystem of Claim 9 wherein said 
first addressing circuitry comprises: 

a row decoder for selecting a row in said first 
array in response to a row address; 
2S a column decoder for accessing selected cells 

along a said selected row; and 
circuitry for selectively presenting row and col- 
umn addresses to said row and column decod- 
ers, said circuitry enabled by a signal received 
30 from said first content addressable memory 

cell. 

12. The memory subsystem of Claim 9 wherein said 
second addressing circuitry comprises: 

35 

a row decoder for selecting a row in said second 
array in response to a row address; 
a column decoder for accessing selected cells 
along a said selected row; and 
40 circuitry for selectively presenting row and col- 

umn addresses to said row and column decod- 
ers, said circuitry enabled by a signal received 
from said second content addressable memory 
cell. 

45 

13. The memory subsystem of Claim 11 wherein said 
circuitry for presenting addresses comprises an ad- 
dress buffer and a latch. 

so 14. The memory subsystem of Claim 12 wherein said 
circuitry for presenting addresses comprises an ad- 
dress buffer and a latch. 

15. The memory subsystem of Claim 9 wherein said at 
55 least first one content addressable memory cell 
comprises: 

a latching circuit for storing a said first bank se- 
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iGct bit: 

at least one exclustve-NOR gate tor comparing 
said first bank select bit with a received bank 
select bit: and 

an enable line coupled to said exclusive-NOR 
gate for outputting a said enable signal said first 
addressing circuitry. 

16. The memory of Claim 9 wherein said at least one 
second content addressable memory cell compris- 
es: 

a latching circuit -for storing a said second bank 
select bit: 

at least one exclusive-NOR gate for comparing 
said second bank select bit with a received 
bank select bit: and 

an enable line coupled to said exclusiva-NOR 
gate for outputting a said enable signal said 
said second addressing circuitry. 

17. A memory device comprising: 

an address bus; 

a bank select bus: and 

a plurality of memory banks each comprising: 

an array of rows and columns of memory 
ceils; 

row and column decoders for accessing 
selected cells within said array; 
circuitry for coupling addresses presented 
on said address bus to said decoders in re- 
sponse to an enable signal; and 
an array of content addressable memory 
cells for comparing stored bank select bits 
with bank select bits presented on said 
bank select bus and generating said ena- 
ble signal when a match occurs. 

18. The memory device of Claim 17 and further com- 
prising a plurality of content addressable memory 
select tines, a said select line for presenting a signal 
to an associated one of said arrays of content ad- 
dressable memory arrays lor writing thereto bank 
select bits presented on said bank select bus. 

19. The memory device of Claim 1 7 wherein each said 
content addressable memory cell comprises: 

a latching circuit for storing a said bank select 
bit; 

a logic gate for comparing said stored bank se- 
lect bit with a received bank select bit; and 
an enable line coupled to said exclusive-NOR 
gate tor outputting a said enable signal. 

20. The memory device of Claim 1 9 wherein said latch- 



ing circuitry comprises an SRAM cell. 

21. The memory device of Claim 1 9 wherein said logic 
gate comprises an exclusive-OR gate. 

5 

22. A method of addressing a memory system including 
a bank of memory cells and associated addressing 
circuitry, the bank associated with at least one con- 
tent addressable memory cell, the method compris- 

^o ing the steps of: 

storing a bit in the content addressable memory 

cell identifying the bank; 

presenting a bank select bit to the content ad- 

75 dressable memory cell; 

comparing in the content addressable memory 
cell the stored bit with the presented bit; and 
enabling access to selected cells in the anay 
when the stored bit and the presented bit 

20 match. 

23. The method of Claim 22 wherein access to selected 
cells in the bank is controlled by row and column 
addresses presented to the addressing circuitry 

25 and the method further comprises the steps of: 

receiving a row address to a selected row in the 
array and a bit for presentation to the content 
address addressable memory cell in response 
30 to a row address strobe: and 

receiving a column address to access selected 
cells in the selected row in response to a col- 
umn address strobe. 

35 24. The method of Claim 22 wherein said bank com- 
prises one of a plurality of banks disposed on a sin- 
gle chip and said step of presenting comprises the 
step of presenting a bank select bit to the plurality 
of banks. 

40 

25. The method of Claim 22 wherein said bank com- 
prises one of a plurality of banks disposed on dis- 
crete devices and said step of presenting comprises 
the step of presenting a bank select bit to each of 
45 the discrete devices. 

28. The method ot Claim 22 wherein the addressing cir- 
cuitry includes an address latch and said step of en- 
abling comprises the step of enabling input of an 
so address to the selected cells into the address latch. 

27. The method of Claim 22 wherein the addressing cir- 
cuitry includes an address buffer and said step of 
enabling comprises the step of enabling the ad- 
55 dress buffer. 
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